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Method of manufacturing semiconductor device and apparatus for use in practicing the method. 



A method of and apparatus for manufacturing a 
:5emiconductor device are presented wiierein a sili- 
con oxide film on an intermediate semiconductor 
device is etched out properly without damaging the 
silicon, under the condition that a difference between 
'he etching speeds of silicon and silicon oxide film 
oecomes small, and innnnediately thereafter another 
:ilm iS formed on the surface of the silicon .vitn the 
silicon oxioe fi'm rofT^oved "^ereironn. 
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METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE AND APPARATUS FOR USE IN PRACTICING 

THE METHOD 



Field of the Invention 



The cresent invention relates to a method of 
nnanufacturing semiconductor devices and appara- 
tus for use in practicing the nnethod, wherein a 
siiicon oxide filnn on the surface of an internnediate 
semiccnductor device is etched out and then an- 
G:ner 'ilm is deposited on the device. 

Background of the Invention 



'First Technique and Its Problenns) 

In order to deposit polysilicon on the surface 
of, e.g.. an intermediate senniconductor device at 
an intermediate stage of manufacturing processes 
by means of the reduced pressure CVD method, it 
;s necessary to chemically clean, prior to such 
deposition, the surface of a polysilicon layer on or 
an impurity diffused layer in the substrate. There- 
after, tne substrate is washed or placed in at- 
mosphere so that a very thin oxide film called a 
natural ox:de film grows on the substrate surface. 
The oxide film grows further when the substrate is 
■ptrcduced into a reaction tube for deposition of a 
polysilicon fi!m. Under such conditions, if a poly- 
Siiicon 'itm. is deposited on the oxide film by the 
CVD method, a failure of the electric connection 
.viH occur. Such a problem is particularly serious 
,vhere 'he underlying layer is a polysilicon layer, in 
order to avoid such failures, a so-called ion mixing 
m.ethca has been adopted whereby after the depo- 
sition of a polysilicon film on the substrate by the 
CVD method, ions are implanted to destruct the 
oxide film for achieving electrical connection. This 
;cn mi>;ng method necessitates using an expensive 
ion implanting apparatus, and in addition, the semi- 
conductor device is subject to damage due to ion 
radiation. 

There is a case where a silicon nitride film is 
deposited on a polysilicon film formed by the CVD 
method to use the former as a mask for field 
oxidation. Also in this case, an oxide film will grow 
on the polysilicon film. The presence of an oxide 
film between the polysilicon film and silicon nitride 
results abnormal oxidation in many cases. 



^Secor'd .ecnniqu^e and Its Problems) 



For diffusion of Impurities such as arsenic, bo- 
ron or the like into a silicon substrate, there is 
known a method wherein a diffusion source such 
as polysilicon, silicon oxide or the like is deposited 

5 on the substrate to make impurities contained in 
the diffusion source diffuse into the substrate. In 
this method, if a silicon oxide film is present at the 
interface between the diffusion source and silicon 
substrate, then the silicon oxide film acts as a 

'0 diffusion barrier that suppresses the diffusion of 
impurities into the silicon substrate. 

If the silicon substrate is washed and thereafter 
exposed to the atmosphere prior to deposition of 
the diffusion source on a silicon substrate, a very 

•5 thin oxide film will grow on the silicon substrate as 
described before. The presence of this oxide film 
makes it difficult to diffuse the impurities into the 
silicon substrate. 

20 

(Third Technique and Its Problems) 

The selective CVD method is also known 
whereby W is selectively deposited on only silicon 

25 by using WFg and H2. !f silicon subjected to the 
selective CVD method has a thin oxide film there- 
on, W will not be deposited thereon. In addition, if 
the surface of silicon on which W is not deposited 
primarily is soiled, W will nevertheless be depos- 

30 ited but it will not be uniform in thickness. For 
these reasons, it is difficult to apply the selective 
CVD method. 

As above, with the above-described techniques 
it is difficult in practice to form a new film on an 

35 intermediate semiconductor device without adverse 
effect from oxide films. Furthermore, an attempt to 
remove such an oxide film will give damages to the 
Intermediate semiconductor device. 

^0 

SUMMARY OF THE INVENTION 



The present invention results from consider- 
45 ation of the above problems. It is an object of this 
invention to provide a method of manufacturing a 
semiconductor device and apparatus for use in 
practicing the method, capable of removing a silt- 
con oxide film on an intermediate semiconductor 
50 device without damaging it, and then forming an- 
other film on the surface of the device. 

The manufacturing method of this invention 
comiprises the steps of: removing a surface oxide 
film on a surface material (silicon) of an intermedi- 
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are semiconauctcr zievice. by using active species 
aenved frcm a nnixea gas cf a gaseous hajogen 
connpcuna and gaseous oxygen, unaer the con- 
cition that the difference oetween the etching 
speeds cf the surface material and the surface 
cxice fiinn ^s nnace as smail as possible by control- 
,ing the ratio of the f!cw of the gaseous o>ygen to 
that of the mixed gas and the temperature of the 
iPternnecliate semiconductor device; and rorrriing 
another covering fiim on the surface of the surface 
material ^silicon) with the surface oxide fiim re- 
moved therefrom. 

The manufacturing apparatus of this invention 
comprises: first means for forming active species 
and second means for removing an oxide fi.m and 
forming a covering film; the first means comprising 
a regulating means for regulating a flow ratio of 
gaseous oxygen gas to a gaseous halogen com- 
pound and a discharge means for forming active 
species based on the gases, with the second 
means comprising a casing (chamber) capable of 
introducing the active species therein for housing 

I WlVj^-'k^t 11 itv^i I I l^J•VJl^-*^.^^ w i ' • i ^ i i w t. i ^ . . w w , 

heating means for heating the intermediate semi- 
conductor device to remove a surface oxide film on 
a surface material (silicon) of the intermediate 
semiconductor device by using the active species, 
a regulating means for reguiating the temperature 
of the intermediate semiconductor device through 
control cf the heating means, and a film forming 
means for forming a covering film on the surface 
material of the intermediate semiconductor device 
with the surface oxide film removed therefrom. 

According to the manufacturing method of this 
invention, the flow ratio of the gaseous oxygen to a 
mixture gas of the gaseous oxygen and a gaseous 
halogen compound, and the temperature of an in- 
termediate semiconductor device are both con- 
trolled. Therefore, it becomes possible to obtain the 
etching condition that a difference between the 
etching speeds of silicon and silicon oxide is rr^ade 
as smail as possible. Under such an etching con- 
:::tion, an cxide film on the surface of an mtermeai- 
3te senniccnducror device can oe remove'^ .:y us- 
ng active species generated oy the mscnarge n 
'he mixed gas ana without damaging the ■:levice. 
Another film is tormec on the surface of the device. 
Since the surface of the cevice after removal of the 
oxioe film is not exposed to the atmosphere, the 
other film can be reliably formed because the oxide 
'ilm has been removed. 

Rem.cval of an oxide -iim :s earned out croc- 
■?riy where the etching soeeo ratio of silicon to 



wnere V is a cercent flow ^atio cf gasecus o<ygen 
to the m.ixea gas. and T 's the temperature ( C) of 
an intermediate serrLiccncuctor device. 

According to the present invention, :ne 'low 

5 ^atio of oxygen gas to a mixed gas cf gasecus 
:<ygen and a gaseous nalcgen cor^pcuna and the 
temperature of an mterm.eciate semiconductor de- 
/:ce, are both controlled. Therefore, the etcnmg 
::nditicn of the difference of the etching soeeds 

'G cetween silicon and silicon o^ide oeing as smail as 
possible. iS easily satisfied. Under such condition, 
an oxice fiim or the surface of an intermediate 
semiconductor device can be removed without 
damaging the device, and another film can be 

^5 formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 



■in 

Fig. 1 13 a schematic diagram showing the 
overall arrangement of the manufactunng apparatus 
according to a f!''st emhndinnpnt of 'his invention: 

Fig. 2 is a graph showing the etching speeds 
25 of silicon (Si) and silicon oxide film (SiOs) relative 
to temperature under microwave discharge plasma 
of a mixed gas of CF^ and O2; 

Fig. 3 IS a schematic diagram showing the 
overall arrangement of the manufacturing apparatus 
30 according to a second embodiment of this inven- 
tion; 

Fig. 4 is a graph showing the etching speeds 
cf Si and Si02 under the microwave discharge 
plasma of a mixed gas of CF4 and O2 relative to 
35 tne gas flow ratio 02'{CF; + O2); 

Fig. 5 is a graph showing the etching con- 
dition region within which the ratio of substrate 
material to an o>.ide thereof becomes less than or 
equal to 5; 

40 Figs. 6a to 6d and Figs. 7a and 7b are cross 

sectional views showing some of the manufacturing 
steps performed by the apparatus of the first or 

second embodiment: 

f'g. 3 :S a 5anematic .liagram snc^v/irvg the 
'\eralt arrargemient of the man,ufactur'ng aocaratus 
■".cccra:nd to a *'^iirc -^m^ boa i inert :f 'his r.vention: 
and 

Fig. 9 3a schematic diagram snowing the 
overall arrangement of tne manufacturing apparatus 
-30 according to a fourth emibodiment of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED 




EP 0 



jescnpucr^ of the embodiments. 

Fcr rem.oving a surface oxide film cn an ;.nder- 
/ing 'i.\r, -vtthout damaging it, and '^nder a ^ocucea 
cressure itmosohere, the so-called chemical dry 
etcning is :ne m^ost suitable m.ethcd by which eich- 
ng iS cerformed with active species generated by 
tne aiscrarge piasma. However, in a usual chemi- 
cai dry etching, the etching speed cf a certain 
rr.aienai \s generally very large when compared 
A'lth that of an oxide of the material. For example, 
the etcmng speed of silicon is about 30 times as 
'arge as that of silicon oxide. Therefore, with this 
method, the underlying layer at the thin surface 
cxide film may be etched considerably while the 
surface oxiae layer is removed, and so this method 
•s not suitable for practical use. The present in- 
/entors have discovered the condition that the dif- 
ference of the etching speeds between material 
and its oxide becomes considerably small even if 
3ucn chemical dry etching is employed. Using this 
condit.cn, an oxide film on the surface of an under- 
ying ta/er can be removed properly. 

rurihermore, after removing the surface oxide 
film, another film can be properly formed by using 
an apoaratus for successively and sequentially de- 
positing tne film without degrading the property of 
a reduced pressure atmosphere so as to prevent 
the oxide film from regrowing and preventing sur- 
'ace grime. 

The cresent invention has been made on the 
basis of :he above viewpoint. 

Some of the preferred embodiments of this 
invention will now be described hereinbelcw. 



] st Embodiment 

In :nis embodiment, an apparatus is provided 
//hereby an oxide film on the surface of an under- 
lying SKiCon layer or underlying poiysiiicon layer ts 
rem.oved, and sequentially thereafter, poiysiiicon, 
silicon nitnce, silicon oxide or the like, respectively 
containing therein impurities, are deposited. Given 
further are examples of applications of the appara- 
tus to the manufacture of semiconductor devices. 

Fig. 1 shows the outline of the manufacturing 
apparatus of the first embodiment whose function 
ana use will be given hereinbelow. Specifically, an 
jbject substrate (silicon wafer) 11 is inserted into a 
quartz tuce 10 serving as a deposition chamber. 
Next, the pressure within the quartz tube 10 is 
^educed with an exhaust pump 12 . to introduce 
gaseous He and gaseous SiHa from a He gas 
source 1GA and SiH^ gas source 10B. respectively. 
Then, :he wafer 11 within the tube 10 is heated to 
around 300* C with an external heater 13. Then, a 
cotysiiiccn film is deposited on the wafer 11. The 
acove- iescnced reduced pressure CVD apparatus 
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3 ccupied to a plasma discharge chamcer n which 
gaseous CFi and gaseous O2 'rem a CFi gas 
source 14A and O2 gas source 14B, respectively, 
:an be T.troduced via an .rtroduction :uDe IT. With 
'he gases introduced within the discharge chamcer 
■ 4, power :s supplied from a microwave power 
fource 15 to the discnarge chamber 14 to generate 
a plasma ^6 of the mixed gas. in Fig. 1, reference 
numeral 21 represents a flow regulator for regulat- 
^0 ing the flow ratio of O2 to CF4, and reference 
numeral 22 represents a temperature regulator for 
regulating the temperature of an intermediate semi- 
conductor device within the tube 10 under control 
the heater 1 3. 

;5 Practicing the method of this invention by us- 

irg the above apparatus will be described in detaii. 

First, a silicon wafer with a partially exposed 
poiysiiicon layer or a partially exposed diffused 
layer is subjected to cleaning, washing and drying 

20 processes using ordinary chemicals and thereafter, 
It IS inserted into the quartz tube 10. The pressure 
within the tube 10 is reduced to about 10"- Torr 
using the exhaust pump 12. with the temperature of 
the wafer being raised up to 600 ' C. Then, air 

25 within the dischar_ge^_hSin^^ ^'^ exhausted us- 
ing the exhaust pump 12 to introduce therein a CFi 
gas and~an"TTr~ig&s to about 0.1 Torr under the 
condition of a flow ratio O^/ftotal gas flow) of about 
50%. Microwave power is applied from the micro- 

30 wave power source 15 to the discharge chamber 
14 to generate a plasma. Active species F* gen- 
erated by the plasma are introduced into the depo- 
sition chamber 10. The etching speeds of Si and 
Si02 under the active species F" relative to the 

j5 temperature of the wafer are shown in Fig. 2. 
Particularly, at the low temperature range (room 
temperature to ISO'C), a difference between the 
etching speeds of Si and Si02 is^ large, whereas at 
the temperature range over 400 'C, the difference 

40 becomes small. Therefore, by applying the active 
species P to the silicon wafer heated to 600 C, 
poiysiiicon diffused layer and oxide film thereof are 
etched for a time sufficient for etching the very thin 
silicon oxide film (50 to 100 A) formed on the 
45 exposed poiysiiicon or the exposed diffused layer. 
In this case, these are etched to the same degree. 
Thus, the difference between the etching speeds of 
rhe poiysiiicon and diffused layer, and oxide film 
thereof can be substantially neglected. After etch- 
50 ing the oxide film, the reduced pressure CVD 
method is performed using He gas and SiH* gas. 

With the above apparatus, it becomes possible 
to deposit poiysiiicon on the surface of an under- 
lying poiysiiicon layer or the like, after etching the 
55 surface oxiae film without degrading the perfor- 
mance cf reduced pressure atmosphere by se- 
quentially employing the reduced pressure CVD 
method. Furthermore, poiysiiicon containing ;mpuri- 
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t;e5 can oe ceposited oy using a gas containing 
innourities sucn as As, B. P and the like, or a silicon 
nitnde film can be depositea by using ammonia. 

2nd EmbOGiment 

Next, the second embodiment of the apparatus 
which is a modification of the first embodiment wiii 
be described with reference to Fig. 3. The appara- 
tus of the second embodiment has a reduced pres- 
sure CVD apparatus for deposition of a polysilicon 
or silicon nitride film, the surface processing cham- 
ber and film deposition chamber thereof being sep- 
arately mounted. 

An Object wafer substrate similar to the first 
embodiment is transported into a load chamber 3-1 
which is then subjected to. vacuum exhaustion. 
Thereafter, a^gat^^vafve 3-2 is opened to move the 
wafer 3-3 to a cleaning chamber 3-4 as shown in 
Fig. 3, The cleaning chamber 3-4 is always main- 
tained at reduced pressure by means of an air 
exhausting system 3-9. The temperature of the 
wafer 3-3 within the cleaning chamber 3-4 is rap- 
idly raised to 600 by means of an infrared 
heater 3-5 through a quartz glass window 3-17. 
Thereafter, a.-vaiva.4^ between the cleaning cham- 
ber 3-4 and discharge chamber 3-6 is opened, and 
a mixed gas of CF^ and O2 is introduced into the 
discharge chamber 3-6. Upon application of micro- 
wave power from a microwave power source 3-8 to 
the discharge chamber 3-6, discharge is initiated 
within the discharge chamber 3-6. Active species 
generated by such discharge are introduced into 
the cleaning chamber 3-4 to therefore remove a 
silicon oxide film on the surface of the wafer 3-3, in 
the manner similar to the first embodiment. There- 
after, the valve 3-7 is closed so that the cleaning 
chamber 3-4 is again subjected to air exhaustion 
and pressure reduction by means of the air ex- 
hausting system 3-9. Then, a gate valve 3-11 is 
opened to transport the wafer to the deposition 
chamber 3-10, the inside of which is exhausted by 
rhe air exhausting system 3-19. The wafer 3-14 
within the deposition chamt^er 3-10 is heated to 
aoout 600 C by ^neans of an infrared heater 3-12 
:nrough a quartz glass window 3-18. SiHi and He 
are introduced by a gas introduction system 3-13 
so that polysilicon is deposited on the wafer 3-14 
by means of the reduced pressure CVD method. 

The wafer 3-14 with polysilicon deposited 
thereon as above is transported into an unload 
chamber 3-16 via a gate vaive 3-20. Thereafter, a 
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3-10. 

In Fig. 3, reference numeral 3-2^ represents a 
flew regulator -'or regulating the Mow ratio or O2 to 
CF4 (flow regulator m Fig. 3 is mcicated at 8-21, 

5 and in Fig. 10 at 10-21), and reference numeral 3- 
22 represents a temperature regulator for regulat- 
ing the temperature of an intermedfate semicon- 
ductor device during etching (temperature regulator 
\n Fig. 8 is indicated at 8-22, ana in Fig. 10 at 10- 

w 22). 

in the second embodiment, the infrared heaters 
3-5 and 3-12 have been used for heating the wa- 
fers 3-3 and 3-14, respectively. However, it is ob- 
vious that other heating means such as resistive 
15 wire heating means and induction heating means 
may also be used with the similar effects as above. 

Furthermore, in the second embodiment, etch- 
ing in the cleaning chamber 3-4 is earned out at a 
high temperature but cleaning may be carried out 
2Q at lower temperatures, e.g.. near room temperature 
if the ratio of O2 to CFi of the gases to be 
introduced into the discharge chamber 3-6 is 
changed. 

Fig. 4 illustrates a change in the etching 

25 Speeds of polysilicon and silicon oxide film relative 
to the ratio of O2 to (CF4 + O2) at the room 
temperature. As seen from Fig. 4, as the amount of 
O2 increases, the difference between the etching 
speeds" of Si and SiOa becomes correspondingly 

30 small. A relatively large amount of O2 allows an 
oxide film on the silicon surface to be properly 
removed even at room temperature. 

A significant point in the surface processing 
described in the second embodiment is that the 

35 difference between the etching speeds of silicon 
and silicon oxide is made as small as possible. The 
present inventors have thoroughly studied the etch- 
ing of oxide films by using a mixed gas of a 
gaseous halogen compound and gaseous oxygen 

•^0 and have discovered that the gas flow ratio and 
temperature are important parameters. Taking into 
consideration the thickness of an oxide film and 
uniformity of etching, it can be udged that a prac- 
nc3i value for the etching speed rat;o of silicon to 
silicon oxide, is 5 or :ess. The -"egion satisfying 
sucn a ccnaition :s indicated by onlique lines 
Fig. 5. This region is given by 'he following for- 
mula: 

Y > -0.13 T + 106.3 
50 where Y is a flow ratio in percent of the O2 gas to 
the total gas, and T ('C) is the temperature of a 
substrate. As appreciated from the --egion indicated 
cy oDlique .ines in rig. 5. proper etching is possi- 
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■Je.-'t. ::xamDies of appiications of 'he above 
^rr.bcciirents lC the manufacturing processes of 
practical ->"-rr. [conductor devices -vili be descr:bed 
.virn reference to rigs. 6a to od '-vhicn schennati- 
:ai!y shew the orocesses of making pclysilicon 
:cntaining impurities ccme 'nto contact .vtlh an 
ijndertying silicon aiffuseo iayer 3-1 (Figs. 6a and 
6b; ana .vith an underlying polysiiicon layer con- 
taining imipunties 6-2 (Figs. 6c and 6d), In conduct- 
■ng such processes, insulating layers 6-3 such as a 
silicon o>iae film are deposited on the underlying 
diffused ayer 6-1 or on the underlying pclysilicon 
la/er 6-2. Thereafter, contact holes 6-4 are formed 
acQve the insulating layers 6-3 for deposition of 
ccnductive polysiiicon. During these processes, 
:^jn natural oxide films 6-5 may grow on the sur- 
face of the polysiiicon layer 6-2 or silicon diffused 
layer 6-1 The oxide film 6-5 is likely to grow much 
if mpurtties are contained in the underlying silicon 
or polysiiicon layers. Electrical connection is not 
ensurec even if polysiiicon is deposited on the 
C'/ice ;i;m 6-5 but in this case, by using the em- 
codimient apparatus, the oxide film 6-5 can be 
:emoved oroperly. Immediately after this removal, 
upper pc-lysitiicon layers 6-6 can be deposited in 
the succeeding process to therefore allow satisfac- 
tory eiecirical connection (F^gs. 6b and 6d). 

Other applications of the above embodiments 
to a process of diffusing imipurities into a silicon 
substrate are shown in Figs. 7a and 7b. As shown 
n Fig. 7a, a silicon oxice 7-2 containing impurities 
such as As, P and B is deposited on a silicon 
suDStrate 7-1. Thereafter, the impurities within the 
Silicon o<ide 7-2 are diffused into the silicon sub- 
strate 7-1 by means of heat treatment. If an oxide 
fnm 7-3 IS present on the surface of the substrate 
7-! during the above processes, the diffusion at 
that ccrticn is hindered (Fig. 7a). However, by 
using the above embodiments, it becomes possible 
to diffuse tmpurities into the silicon substrate 7-1 
Lnifornnly as shown in Fig. 7b. 

The above embodiments are applicable to a 
Silicon nitride film forming process, although this is 
not shown. In this process, a silicon oxide film, 
poiysilicon and silicon nitride film are deposited on 
a silicon substrate in this sequence. Next, the siii- 
ocn nitride film is patterned in a predetermined 
snape to use it as a selective oxidation mask for 
'orming a field region (field oxide film). Upon ap- 
plication of the above embodiments to this process, 
the cxtde film inevitably formed on the polysiiicon 
at the process of depositing the silicon nitride on 
the ociysilicon can be removed so that abnormal 
oxidation during field oxidation can be avoided to 
therefore allow the formation of fine field regions. 
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A third emibodiment is shewn m Fig. 8 wherein 
the above-described cleaning means is mounted 
on a sputtering aocaratus having a 'oad lock 
m.echanism. 

5 Hefernng to Fig. 8, an ooject silicon wafer 

substrate 8-2 iS transoorted from a load chamber 
3-3 ^nto an airtight cleaning chamber 8-1. The waer 
8-2 IS heated by an external infrared heater 8-4 
through a quartz glass window 8-5. The cleaning 
^0 chamber 8-1 is adapted to produce a vacuum by 
means of an air exhaust pump 3-6. The cleaning 
chamber 3-1 is coupled to a discharge chamber 8- 
7 which has a structure similar to the discharge 
cham-ber 3-6 shown in Fig. 3. A deposition cham- 
;5 ber 8-8 for performing crainary sputtering iS moun- 
ted next the cleaning chamber 8-1, For the deposi- 
tion chamber 8-8, there are provided a sputtering 
target 8-9, a silicon wafer 8-10 facing the target, a 
d.c. power source 8-11 for use in generating plas- 
20 ma f-cm the front surface of the target by using 
gaseous Ar, and an air exhaust pump 8-12 to 
produce a vacuum of the chamber. Reference nu- 
meral 8-13 represents a microwave power source, 
and 3-15, 8-18 and 8-1 9 represent a gate valve. 
25 Next, the operation of the apparatus will be 

described. First, an object wafer 8-2 is transported 
from the load chamber 3-3 into the cleaning cham- 
ber 8-1 as shown in Fig. 8. The inside of the load 
cleaning chamber 8-1 and discharge chamber 8-7 
30 is made in a state of high vacuum state because of 
air exhaustion by means of an air exhaust system 
8-6. Thereafter, a mixture gas of CI2, NF3 and O2 
iS introduced into the cischarge chamber 8-7 at 
about 0.1 Torr, and microwave power is supplied 
35 thereto from the microwave power source 8-13. 
Then, discharge occurs //ithin the discharge cham- 
ber 8-7 30 that a number of active species are 
generated within the discharge chamber 8-7. The 
active species are introduced via an introduction 
40 system 3-14 into the cleaning chamber 8-1. The 
wafer 8-1 within the cleaning chamber 8-1 has 
been heated with the infrared heater 8-4 to have a 
temperature of about 450 at the wafer surface. 
At this high temperature, a silicon oxide film on the 
45 surface of the wafer 8-2 can be easily etched out 
with the active species containing the radical of CI 
or F. The reaction speeds of silicon and silicon 
oxide With the active species are substantially 
equal to each other at such a high temperature. 
50 Therefore, the underlying silicon is scarcely 
damaged while removing the thin silicon oxide film 
formed thereon. After completion of the above 
cleaning processes, the gate valve 8-15 is opened 
to transport the wafer 3-2 into the deposition cham- 
55 ber 8-8 to deposit an aluminum film for Al wiring on 
the silicon surface by means of sputtering. It was 
confirmed that the yield {provability) of electric 
connection between the underlying nrst iayer and 
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;.--e a; .viring seccna ayer :rTprovec remarkably. 

The ::eaning ^hamoer 3-1 ara cepositicn 
:hamber 3-8 have oeen provided secarateiy :r. the 
npoaratus shown ,n r^g. 3. However, tney may oe 
..nited into a single cnamcer to perfornn oieaning 
and deposition continuous. y and sequentially. Par- 
ncuiarly in such a case, when a wafer is trans- 
ported 'Hto a reaction cnamber ismgie chamber), 
;ne reaction cnamcer ts e>naustea to have a /acu- 
■jm and simuitaneouslv therewith, the wafer is heat- 
ed. Then, active species are introduced into the 
-eaction cnamber :o rennove an alumina layer 9-4 
•crmed on an Al wiring first layer 9-1. Thereafter, 
the reaction chamber is again e<hausted to create 
a nigh vacuum. Then, a gas such as Af is intro- 
duced to deposit an Al wtrrg second layer through 
D,C. discharge sputtering. 

^rh Embodiment 

A 'ourth emboaiment will oe descr bed with 
fPjfirRnc.Pi tn Fin which ii.se.s a rnld -vall type, 
reduced pressure CVD apparatus with a load lock 
mechanism. A cleaning chamber lO-l of the ap- 
oaratus shown in Fig. 9 has the same structure as 
the cleaning chamber 8-1 shown tn Fig. 8. A depo- 
sition chamber 10-2 for selective CVD of tungsten 
IS mounted next the cleaning chamber 10-1. For 
the deposition chamber 10-2, there are provided an 
air exhaust pump 10-3, infrared neater iO-4, and 
quartz glass window 105 adapted so as to intro- 
duce WFs and Hj. Reference numeral 10-6 repre- 
sents an air exhaust punnp, 10-8 a microwave pow- 
er source, 10-9 an infrared heater, 10-10 a quartz 
qlass window, 10-11 a load chamber, 10-12 and 
tC-13 a wafer, and 10-15 to 10-17 a gate vatve. 

Next, processing a wafer by the apparatus will 
ce described. First, a silicon wafer with or without 
contact holes formed therein (refer to hole 3-4 in 
^ig. Sa) is subjected to cleaning, washing and 
crying processes jsing ordinary chemicals and 
'hereafter transoorted in^o the cleaning chamber 
'0-1 into -vhicn active soecies gefierated witlMn *he 
■.;5cnar^e chamber 10-7 are ■rtrocucea. 

A (hin natural cxide ^iim .refer to 'ilm 3-5 r F'q, 
-ya) formed on the sificon surface excosed to at- 
mcspnere at the bottom of ccntact hole can be 
easily etched out with the active soecies. There- 
fore, the silicon surface (refer ^o surface 6-1 u^ Fig. 
'3a) becomes clean without an oxide nim. Alter- 
■:ativeiy. n 'he case of a silicon A'afer ■.vithout 
:cntact holes, tne silicon surface :s severed with a 



acdition. the active soecies s:igrtly etcn ^^ut the 
silicon cxice film so 'sai the ccntam^i^ated laye^ on 
the silicon surface can be completely rem,oved and 
therefore expose an or;ginat, clean silicon cxide 
5 film. 

Under sucn conditions, the mside of the cean- 
in^ cnamber 10-1 'S exhausted by means of the air 
e>naustion pump 10-6, and the wafer 10-12 is 
transporteo into the deccsit^on chamber 10-2 wnich 

'0 has been previously maintained vacuum by means 
of the air exhaust pump ;0-3 so that the surface of 
the wafer 10-13 can ce maintained ciean. A mi>^ure 
gas of WF^ and 'S introduced into the deposi- 
tion channber 10-2 'o selectively deposit W onto 

15 contact holes using the orainary aeposition con- 
ditions. 

During the above processes, the surfaces of 
the silicon ana silicon oxide film are maintained 
sufficiently clean for presenting their intrinsic per- 
20 formance, so ^hat selective deposition of W which 
iS sensitive to the surface condition can be re- 
alized. 

^imiiar to thg modification of the apparatus 
shown in Fig. 8, the above processes may be 
25 carried out m time sequence by '^.sing a single 
reaction chamber instead of two chambers 10-1 
and 10-2. 

Furthermore, the discharge chamber may be 
mounted on an epitaxial growing deposition ap- 
30 paratus wherein dry cleaning the deposition sui^ace 
IS performed, prior to the deposition, at relatively 
low temoerature of 500 to 600 'C using active 
species and thereafter. eDttaxial growing is effec- 
ted, 

35 For the processes by the apparatus shown in 

F'gs. 3, 8 and 9, the description has been directed 
to the case where an oxide film on the surface of 
Silicon or aluminum is removed using CFi, NF3 or 
C\2 However, the present invention is also ap- 

.io piicable to other underlying materials such as high 
melting point metal, silicon com.pounds ana the 
Hke. 30 long as the processes are performed for 
'he curpose of morovirg contact bet'ween the un- 
coriy ng and :.:iver:aic layers bv r^t^moving an rxine 
'i;rr cr imr;rcv:ng t^'^e cveriaid t;irT Ci.alitv. in cdd:- 
-ther '^aiocen ccmcourd ;:ases ^uch as 
CHF^. CFCIi and the like may oe ^jsed. 



5th Embociment 

Even ' a shiccn sucstrate cas ceen sleanec to 
^.<oo3e the ciean silicon surface, tne silicon surface 
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as a LP.m oxide film of a gate oice film may 
sometirries oe ifr.cossibie to grow on the rnnpun- 
'les. jiVGid such adscrotion or impurities, an 
o/amc-ie o-r an oxidation apparatus -vtth the above- 
described cleaning method appHea 'hereto .viil oe 
described. 

The apparatus shown In pig. 1 is usod in this 
examcie. A substrate is inserted into the quartz 
tube 10 which is then subjected to pressure reduc- 
tion. Thereafter, the silicon substrate is cleaned in 
the manner similar to the foregoing description. 
Then, an oxidizing gas such as O2 or H-O is 
.ntroduced into the quartz tube 10 to oxidize the 
Silicon ana grow a Silicon oxide fi!m. The grown 
siHCcn oxide film can be used as a gate oxide film 
having a good breakdown voltage. 



Claims 

1. A m.ethod of manufacturing a semiconductor 
device comorising the steps of: 

^emoving an oxide film of silicon on the surface of 
an intermediate semiconductor device, by using 
active species derived from a mixed gas of gas- 
eous naicgen compound and gaseous oxygen, un- 
der the condition that a difference between the 
etching speeds of said silicon and said silicon 
o.xioe film is made as smail as possible bv control- 
ling a ratio of the flow of said gaseous oxygen to 
that of said mixed gas and the temperature of said 
intermediate semiconductor device; and 
^'orming another covering rilm on the surface of the 
Silicon <viih said silicon o<ide film rem.oved there- 
from. 

2. A method according to ctaim 1 , said remov- 
ing step iS performed under the etching condition 
that the ratio of the etching speeds of said silicon 
to said silicon oxide fiim is less than or equal to 5. 

3. A method according to ciaim 2, wherein said 
etcning condition for the etching speed ratio less 
than or equal to 5 is obtained by satisfying the 
following formula: 

Y > -0.13T + 106.3 

^;here / is a percent flow ratio of said oxygen gas 
to said mixed gas. and T is the temperature ('C) 
of said intermediate semiconductor device. 

4. A method according to claim 1 , wherein said 
gaseous halogen compound is selected from the 
group consisting of CFi, NF3, CI2, CHF3 and 
CFCI3. 

5. A method according to claim 1, wherein said 
covering film to be deposited on the surface of said 
silicon using a reduced pressure CVD method is 
selected from the group consisting of poiysiiicon, 
silicon nitride, poiysiiicon containing arsenic, silicon 
oxide containing arsenic, poiysiiicon containing co- 
^c^n, ard silicon oxide containing boron. 



3. A m.ethod according tc :!aim 1 , wnerein saio 
covering fiim 's formed by oxidizing the surface of 
said silicon and forming a silicon o>iGe 'iim on the 
surface of saic snicofi. 
5 7. A method according to claim 1, wherein said 

covering film is formed by selectively depositing 
'ungsten on the surface of said silicon using a 
selective CVD method. 

8. A method according to claim 1, wherein said 
10 covering film is formed by depositing aluminum or 

some other metal with a high melting point on the 
surface of said silicon by a sputtering method, 

9. An apparatus for manufacturing a semicon- 
ductor device compnsing: 

15 first means for forming active species; and 

second means for removing an oxide film and 
forming a covering film; 

wherein said first means comprises regulating 
means (21. 3-21, 8-21, 10-21) for regulating a flow 
20 ratio of gaseous oxygen to a gaseous halogen 
compound and discharge means (14, 15; 3-6, 3-8; 
8-7, 8-13; 10-7, 10-8) for forming active species 
based on said gases, and 

wherein said second means comprises a casing 
25 (10; 3-1, 3-4, 3-10: 3-1. 3-3. 8-8; 10-1, 10-2, 10-11) 
capable of introducing said active species therein 
for housing an object intermediate semiconductor 
device (11; 3-3, 3-14; 8-2, 8-10), heating means 
(13, 3-5, 8-4, 10-9) for heating said intermediate 
30 semiconductor device to remove a silicon oxide 
film on said intermediate semiconductor device by 
using said active species, regulating means (22, 3- 
22, 8-22, 10-22) for -egulating the temperature of 
said intermediate semiconductor device through 
35 control of said heating means, and film forming 
means for forming a covering film on said silicon of 
said intermediate semiconductor device with said 
silicon oxide film removed therefrom. 

10. An apparatus according to claim 9, further 
40 comprising means (12; 3-9. 3-19; 8-6, 8-12; 10-3, 

iO-6) for reducing the pressure within said casing. 

1 1 . An apparatus according to claim 9, wherein 
said film forming mioans comprises means (10A, 
10B; 3-13) for introducing a gas into said casing for 

45 deposition of material on said silicon of said inter- 
mediate semiconductor by a CVD method. 

12. An apparatus according to claim 9, wherein 
said casing is divided into a first chamber (3-4, 8-1, 
10-1) for removing said silicon oxide fiim and a 

50 second chamber (3-10, 8-8, 10-2) for performing 
said film forming. 

13. An apparatus according to claim 12, 
wherein said second chamber (8-8) compnses said 
^ilm forming means (8-9, 3-10) for performing sput- 

55 tering. 
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^1 Method of manufacturing semiconductor device and apparatus for use in practicing the method. 



(g) A method of and apparatus for manufacturing a 
semiconductor device are presented wherein a sili- 
con oxide film on an intermediate semiconductor 
device etched out properly without damaging the 
Silicon, under the condition that a difference between 



the etching speeds of si;icon and siiicon oxide film 
becomes small, and immediately thereafter another 
film is formed on the surface of the silicon with the 
silicon oxide film removed therefrom. 
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